Spinocerebellar ataxias (SCAs) are a heterogeneous group of disorders with almost 30 subtypes. The prevalence and relative frequency of each subtype vary among different populations. In this article, we report the relative frequency of six SCA subtypes in the Thai population and attempt to explain the observed pattern when compared with other populations in this region. We searched for SCA type 1, SCA2, SCA3, SCA6, SCA7 and dentatorubral-pallidoluysian atrophy mutations using GeneScan analysis in 340 patients from 182 families, in which at least one person had a clinical diagnosis of SCA. We analyzed the relative frequencies of SCA subtypes on a family basis, and compared these with the data in the Chinese and Indian populations. SCA3 was found in 19.2% of the patients (Agresti-Coull 95% confidence interval: 14.1-25.6%), SCA1 in 11.5% (7.6-17.1%) and SCA2 in 10.4% (6.7-15.8%). SCA6 was found in three families, with a relative frequency of 1.6% (0.3-5.0%). Compared with the related populations, the Thai SCA3 frequency was less than that of the Chinese, whereas it was higher than that in most of the Indian studies. The reverse is true for the SCA1/SCA2 frequency. A similar study in Singapore, where there was a clear history of population admixture, also showed the frequencies between those of the Chinese and the Indian populations. Although SCA3 was the most common identifiable SCA subtype in Thailand, SCA1 and SCA2 were also relatively common. Our results also supported some degree of admixture with the Indians in the Thai population and justify further study in the area.
INTRODUCTION
Spinocerebellar ataxias (SCAs), also known clinically as autosomal dominant cerebellar ataxias, are a group of genetically and phenotypically heterogeneous ataxic disorders resulting from the progressive degeneration of the cerebellum and its connections, with an estimated prevalence of up to five to seven cases per 100 000 people. [1] [2] [3] The most widely accepted classification of SCAs at present corresponds to the order of gene description 1 and consists of at least 28 subtypes, corresponding to defects in at least 28 distinct loci. 2 Among these, SCA3 (also known as Machado-Joseph disease: MJD) is the most common subtype worldwide, whereas SCA1, SCA2, SCA6, SCA7 and SCA8 are the other common subtypes, each with over 2% prevalence; the rest are believed to be rare. 3 The overall prevalence and frequency of genetic subtypes of SCA vary among different populations, similar to the case in Cuba (predominantly SCA2), Portugal, Brazil and Azores (SCA3/MJD), Mexico (SCA10) and Japan (dentatorubral-pallidoluysian atrophy: DRPLA). 1-3 Estimations of the subtype frequencies are therefore important in the planning of diagnostic strategy in a specific population. Furthermore, as the frequency of each SCA subtype also differs between the Chinese-related and Indian-related populations (see Discussion), and the variation is believed to be the result of founder populations, 3,4 it could potentially be useful for assessing the mix between the Chinese and the Indians in the Indochina peninsula.
MATERIALS AND METHODS

Study design
This is a retrospective review of the results collected as part of genetic consultation from August 1994 to July 2006. The study has been approved by the ethical committee of Ramathibodi Hospital.
Subjects
Our medical genetic division has offered molecular diagnostic service for SCAs since 1994. By July 2006, we had obtained DNA samples of 340 individuals from 182 families. Each family has at least one person who had symptoms of progressive ataxia unexplained by other metabolic, nutritional or infective causes, and without space-occupying lesion on the cranial magnetic resonance imaging. These patients were clinically diagnosed as having SCAs by their attending neurologists and were referred to the genetic service for molecular confirmation and for counseling about the disease and the risks to themselves and their relatives. As part of the counseling, patients were advised to share the information with their relatives, who can then opt for a counseling session with a view to undergo predictive testing if they so wish. This is the reason why some of the non-index cases were asymptomatic at the time of testing. If more than one symptomatic person in a family attended the service at the same time, we assigned only one person as the index case and the remaining as non-index cases (see also Discussion).
DNA analysis
Genomic DNA of each subject was extracted from the peripheral blood sample by the standard phenol-chloroform method. PCR was performed with the primers Rep1 and Rep2 for SCA1 5 
Data entry and analysis
The test results, along with the individual and family identification data, were entered into a spreadsheet application. Validation and cleaning was carried out before importation into R-2.8.0 12 for statistical analysis. After initial data integrity check, we calculated the proportion of each SCA subtype with its Agresti-Coull 95% confidence interval 13 in all subjects as well as in only the index cases, and compared these with those of earlier studies in related populations. We also calculated the ratio between the risk of having SCA3 and that of having either SCA1 or SCA2 (that is, the odds of having SCA3 rather than SCA1/2) in each population, along with its non-parametric bootstrap bias-corrected and accelerated (BCa) 95% confidence interval, and compared this across the populations.
RESULTS
Among the 340 individuals tested, 182 were index cases in their families and 158 were the relatives of the index cases. They came from 182 families, with the numbers of individuals tested in each family ranging from 1 to 20. All of the subjects were Thai; the majority of them were from the Bangkok area (see Table 1 ). As we have relatively few subjects outside the Bangkok area, stratification analysis by region was not very informative. The relative frequency among the Bangkok cases was similar to the overall frequency. Figures given are numbers of cases in each category, along with the row-percentages in parentheses. Subjects in the 'Other' column are those who were clinically diagnosed with SCA, but were tested negative for SCA1, SCA2, SCA3/MJD, SCA6, SCA7 and DRPLA, apart from the last row (see row 'All subjects'). a The population in each region is based on an official Citizen Registry, 14 and may be underestimated in metropolitan areas, especially, Bangkok, whereas overestimated in the more rural areas, particularly, the Northeast. b For the row-percentage of each SCA subtype, calculated using the Agresti-Coull method. 13 c This group also included asymptomatic, at-risk individuals who were relatives of the symptomatic cases and were thus offered the tests. They were, therefore, less likely to be affected. Where possible, the years during which the cases were recruited are given; otherwise the publication years are given (denoted by 'pub.').
Numbers from earlier studies have been adjusted to include all tested cases (including the cases that appeared to be sporadic) on a one index-case per family basis. The numbers in parentheses are percentage relative to total numbers of cases. All families tested are quoted in the total column except for the following: a The Hong Kong study, in which only the total number of cases/families who were tested positive for either SCA1, -2, -3, -6, -7, -8, -12 or DRPLA was reported, the total number of families with positive results was used. b The Singapore study, in which 204 cases were tested. 25 These were estimated to have come from at least 120 families (EK Tan, The frequency of each SCA subtype is shown in Table 1 . The most prevalent subtype detected was SCA3/MJD, which affected 19% of the families, followed by SCA1 (11.5%) and SCA2 (10.4%). SCA6 was relatively rare, with just less than 2% in relative frequency. About 57% of the index cases could not be assigned a molecular diagnosis based on the tests currently offered, implying other disease subtypes.
Comparison of the subtype frequencies with other populations is shown in Table 2 and graphically in Figure 1 .
DISCUSSION
In line with earlier studies in most populations, we found that SCA3/ MJD is the most prevalent subtype of SCAs in the Thai population. However, this accounted for just about 19% of the families compared Figure 1 Geographical variation in SCA subtypes in south, southeast and east Asia (a), and the odds of having the 'Chinese SCA' (SCA3) rather than 'Indian SCAs' (SCA1 and -2) cases in these populations, with their non-parametric bootstrap BCa 95% confidence intervals (b). The Hong Kong study was excluded from the geographical plot as the number of negative ('other') cases had not been reported. The upper confidence limits were 10 and 12 for China and Hong Kong, respectively. The confidence interval for the East India/Bihar study could not be calculated due to the total absence of SCA3 case within the sample. See Table 2 for data sources.
SCA subtypes in Thailand T Sura et al with about 30% in the Chinese-related populations other than those in Singapore. On the contrary, apart from the studies carried out in West Bengal, which reported the relative frequency of SCA3/MJD of approximately 36%, 24 the reported relative frequency of SCA3/MJD ranged from 0 to about 14% in most studies in Indian populations. 19, 20, 21, 23 The West Bengal study is in fact an interesting exception, as earlier studies have shown a genetic relationship between the population in this area and the Tibeto-Burman speakers from Southeast and East Asia. [26] [27] [28] [29] Also, interestingly, in Singaporeans who a are mixture of ethnic Chinese, Malays and Indians, the relative frequency of SCA3/MJD was even lower than that in ours, at about 13%. At 11.5%, the relative frequency of SCA1 in our population was near the lower end of the relative frequencies in the Indians (7-32%), 19, 20, [21] [22] [23] but was much higher than those in the Chinese/ Japanese populations (approximately 3%). 15, 17, 18, 25, 30 SCA2, which was almost as common as SCA1 in our population, also showed a similar pattern: its relative frequency of 10.4% was much lower than that in the Indians (18-57%) 19, 20, [21] [22] [23] while being still marginally higher than the upper range of the frequencies in the Chinese populations (4-10%). 15, 17, 18, 25, 30 These three common subtypes accounted for 41% of the cases. Of the remaining three tested subtypes, only SCA6 was found. SCA6 is generally rare in this region, apart from in a specific ethnic group in Taiwan. Our relative frequency of SCA6 was comparable with that of the Singaporeans.
The frequency of index patients who were not detected as SCA1, -2, -3, -6, -7 or DRPLA in this study was comparable with that from other studies in the region. This probably reflected the prevalence of one or more untested subtypes such as SCA12. 23, 25 The number of all individuals who had negative results could be partly inflated as asymptomatic (thus possibly unaffected) family members were included. As the frequency of SCA subtypes in all cases would also be influenced by the size of the families, we believe the analysis based on the index cases as representatives for their families as carried out here would yield a more accurate result.
An interesting pattern emerges if one compares, among populations in this region, the odds of having SCA3, which is the predominant type in Chinese populations, rather than having either SCA1 or SCA2, which are more common among the Indian populations. In our series, the odds were 0.88, which was similar to those in the other two populations with evident admixture (Singapore 25 and West Bengal; 24 see Figure 1b) . With a range of 0.83 to 0.94, the odds in these three populations were much higher than those in the Indian populations (highest value¼0.28 in South India 22 ), whereas being much lower than those in the Chinese populations (lowest value¼2.60 in Taiwan 18 ). We believe that this pattern could support the hypothesis that there is an admixture between the Chinese-and Indian-related populations in the Thai population. However, some caution is needed against making conclusions based on this alone, as many studies had small sample sizes, making the estimations rather unstable. Furthermore, although this pattern will arise in the presence of a population admixture, the reverse is not necessarily true: it could arise, for example, if the Thai SCAs have a background independent of the Indian or Chinese populations, or because of a random founding population within the main population, or even a random error from sampling.
Over the last decade, genetic studies have linked the populations in the Indochina peninsula, including the Thai people, to the Han Chinese, particularly those in the southern part of China. [31] [32] [33] This is quite expected as the region is close to China and there has earlier been historical, archeological and linguistic evidence to support the relationship. 34, 35 At the same time, given the similar proximity of the region to India, and the historical, archeological and cultural evidence of relationship with the Indian subcontinent, 34, 36 it is very likely that there is some degree of mixing between the Chinese and Indian populations in the Indochina peninsula, although there has earlier been little genetic evidence to support this. In this context, we believe that the observation from this study at least indirectly adds genetic support for this historical and cultural linking.
The majority of our subjects came from Bangkok and the central part of Thailand. Although this could mean that people in this area are relatively overrepresented in our sample, the degree of overrepresentation may not be as high, as the official population data are known to underestimate the number of people in the urban area, particularly Bangkok and its surroundings, and overestimate the number of people in a more rural area. This is because of the 'unofficial' migration that has not been accounted for in the official registry. Furthermore, because of the relatively small size of the country and the homogeneity of the population, we do not think that the true relative frequencies in the Thai population would differ much from our estimation.
On the basis of the subtype frequencies from this study, it would be prudent to look for SCA3 first, followed by SCA1 and -2 in a Thai patient with presumed diagnosis of SCA unless the clinical features suggest otherwise, or when a ''panel'' test is used. In the latter case, these three common types should be included in the panel as a minimum. As for the population inference, it is not possible to infer the direction of migration or the timing from this study. Nevertheless, we believe this provides enough justification for further, more definitive molecular studies to look into the link between the populations on the Indochina peninsula and the Indians.
